Strain 275 FI of Claviceps purpurea, which produces large amounts of peptide alkaloids in submerged culture, and strains V, C, and W, spontaneously obtained from 275 FI and practicaUy unable to produce alkaloids, were compared. Strain 275 Fl differs from the other strains in its capacity to accumulate lipids and sterols, as well as in its capacity to produce alkaloids. Strain 275 FI utilizes large quantities of sucrose and citric acid simultaneously; strain V utilizes large amounts of sucrose but little citric acid; strain C utilizes large quantities of citric acid but only smaU amounts of sucrose; strain W consumes only small amounts of both substances. We conclude that the production of large quantities of alkaloids, as wel as the accumulation of lipids and sterols, is correlated with the simultaneous utilization of large amounts of sucrose and citric acid.
Strain 275 FI of Claviceps purpurea, which produces large amounts of peptide alkaloids in submerged culture, and strains V, C, and W, spontaneously obtained from 275 FI and practicaUy unable to produce alkaloids, were compared. Strain 275 Fl differs from the other strains in its capacity to accumulate lipids and sterols, as well as in its capacity to produce alkaloids. Strain 275 FI utilizes large quantities of sucrose and citric acid simultaneously; strain V utilizes large amounts of sucrose but little citric acid; strain C utilizes large quantities of citric acid but only smaU amounts of sucrose; strain W consumes only small amounts of both substances. We conclude that the production of large quantities of alkaloids, as wel as the accumulation of lipids and sterols, is correlated with the simultaneous utilization of large amounts of sucrose and citric acid.
The production of ergotamine in submerged culture by strains of Claviceps purpurea has been reported (1, 19) . The physiology of ergot alkaloid-producing strains of Claviceps was studied by Arcamone et al. (2) , Taber (16, 17) , Taber and Vining (18), Pacifici et al. (13) , Kobel et al. (11) , and Castagnoli and Tonolo (7) . This paper reports the results of a comparison between an ergotamine-producing strain and three strains spontaneously obtained from it which are practically unable to produce alkaloids.
MATERIALS AND METHODS
Microorganisms. Strain 275 Fl has been described (1) ; it produces 1,100 to 1,500 jAg (per ml) of a mixture of peptide alkaloids, chiefly ergotamine (80%), in submerged culture. Strains V, C, and W were obtained by isolation from sectors of giant colonies of strain 275 FL on medium T2. Strain V produces amounts of alkaloids varying from 0 to 100 jug/ml; strains C and W do not show any alkaloid production.
Culture media. Medium T2 contained (grams per liter): sucrose, 100; L-asparagine, 10; Ca(N03)2.4H20, 1; KH2PO4, 0.25; MgSO4-7H20, 0.25; yeast extract, 0.1; KCI, 0.12; FeSO4-7H20, 0.02; ZnSO4-7H20, 0.015; agar, 20; tap water to 1,000 ml; pH adjusted to 5.2 with NaOH; sterilized by heating at 110 C for 20 min.
Medium TG contained glucose, 100; citric acid, 10; KH2PO4, 0.5; MgSO4 7H20, 0.3; yeast extract, 0.1; FeSO4-7H20, 0.007; ZnSO4-7H20, 0.006; tap water to 1,000 ml; pH adjusted to 5.2 with aqueous ammonia; sterilized by heating at 110 C for 20 min.
Medium T25 contained sucrose, 300; citric acid, 15 ; KH2PO4, 0.5; MgSO4-7H20, 0.25; yeast extract, 0.1; KCl, 0.12; FeSO4-7H20, 0.007; ZnSO4-7H20, 0.006; tap water to 1,000 ml; pH adjusted to 5.2 with aqueous ammonia; sterilized by heating at 110 C for 20 min.
Methods of culture. A 1-cm2 portion of the mycelial mat of the above strains, grown on slants of medium T2 and cultivated at 28 C for 8 days, was mashed with a sterile spatula and placed into a 300-ml Erlenmeyer flask containing 60 ml of medium TG; flasks so prepared were incubated for 6 days at 24 C on a rotary shaker, operating at 220 rev/min and describing a circle 8 cm in diameter. Samples (5-ml) of the culture thus obtained were employed as inoculum for 300-mi flasks containing 50 ml of medium T25; these were incubated for 14 days as described for the cultures on medium TG.
Methods of analysis. Each analysis was performed on pooled culture broths from three flasks.
The determinations of alkaloids, Qo0, protein nitrogen, pH, and dry weight were made immediately after the sampling, and each analysis was repeated. For the other analyses (which had to be delayed for various reasons), the mycelia were separated from the ifitrates and kept at -20 C. For determination of total lipids, the mycelium alone was thoroughly ground with 5 parts of Na2SO4 (anhydrous) and extracted in a Soxhlet extractor for 24 hr with petroleum ether and for 12 hr with a mixture of etherethyl alcohol (3:1); the extracts were pooled, evaporated, and weighed. Sterols were titrated in the lipids by the Liebermann-Buchard reaction (9) . Total nitrogen was determined by the Kjeldahl method, with a K2SO4HgO catalyst (14) . Ammonium nitrogen was determined according to Russel (15) . Citric acid was determined according to Chambon (8) . Sugars were determined by the anthrone method (20) . The oxygen uptake of the mycelium was determined in Warburg vessels, by use of 3 ml of suspension, suitably diluted with its own filtered culture broth. To determine dry weight, a portion of the mycelium suspension was filtered, washed thoroughly with 3 volumes of water, and dried at 85 C for 24 hr. Inorganic phosphorus in the filtrate was determined by the method of Berenblum and Chain (3). Protein nitrogen was determined by using 5 ml of culture broth mixed with 0.48 ml of 50% trichloro-acetic acid; this mixture was held 1 hr at 0 C. After centrifugation for 20 min at 5,000 X g the precipitate was twice washed with 5 ml of 5% trichloroacetic acid in the cold and once more at 100 C (within 3 min). Then it was washed again twice with a mixture of ethyl alcohol-ether (1:1) and once again with ether. Nitrogen was determined in the residue by the Kjeldahl method (14) . Alkaloids. Since about 90% of the alkaloid produced is found in the mycelium, the extraction was carried out by adding 10 ml of an aqueous solution of 4% tartaric acid to 5 ml of culture broth. The mixture was diluted to 40 ml with acetone and homogenized for 1 min. To 4 ml of the ifitrate, 1 ml of a 1: 2 mixture of borate buffer (0.4 M) and NaOH (1 N) was added, to obtain a pH value of about 10. This preparation was then extracted three times with 8 ml of CHC13 (3 ml + 3 ml + 2 ml), and the pooled extracts were diluted to 10 ml with CHCl3. Of this solution, 1 ml was dried under vacuum and the residue was dissolved in 1 ml of 1%o aqueous phosphoric acid. The colorimetric determination was made by the method of Voigt (21) , based on the appearance of a blue color with the van Urk reagent. The reading was made against a standard of ergotamine base. The exhausted aqueous extracts still reacted positively with the van Urk reagent after extraction with CHCl3 because of small amounts of lysergic acid (which, however, were not taken into consideration in determining the titer of alkaloids).
RESULTS
Morphological and cultural characteristics of strains 275 Fl, V, C, and W. Strain 275 FI (Fig. 1 ) grows on medium T2, forming bulky colonies, compact and rather sharp at the edge, pinkishwhite, with darker hues in older cultures. Submerged cultures in medium T25 are first whitish and then, after 6 to 7 days, pink-brownish. The mycelium, thin and filamentous at the beginning, later grows thicker and partially fragments. No conidia were observed at any time.
Strain V (Fig. 2) shows on medium T2 the same characteristics as 275 Fl, but its color is deep purplish-violet. In submerged culture in medium T25, the strain is dark brownish-violet at 6 to 7 days. Microscopically, the young mycelium shows numerous branching buds. Upon ageing, it breaks (more often than does 275 Fl) into irregular cells, some of which are dark purplish-violet. No conidia are present.
Strain C (Fig. 3 ) produces on medium T2 flat colonies, cream-white in color and with creamy consistency. Submerged cultures in medium T25 are also cream-white, and the mycelium appears to be very much fragmented from the beginning. No conidia are present.
Strain W (Fig. 4 ) produces on medium T2 bulky compact white colonies with sharp edges. When grown in submerged culture in medium T25, the mycelium appears to be formed by long thin hyphae that remain practically unchanged till the end of the fermentation. No conidia are seen.
Course of fermentation. The course of typical fermentations on medium T25, carried out with these four strains, is reported in Fig. 5-8 . Some data on the metabolic characteristics of these strains are summarized in Table 1 .
DIscussioN
From these data, it appears that strain 275 FI, besides its ability to produce alkaloids, differs from the others in accumulating lipids and sterols throughout the fermentation. The higher dry weight of 275 Fl is partially ascribable to lipid accumulation. The amounts of ammonium nitrogen utilized, of nitrogen incorporated into proteins, and of total nitrogen released into the broth were the same for the four strains.
In all of the broths, there was a rapid disappearance of phosphates, due to a marked capacity of these strains to absorb and store them as polyphosphates. Analogous behavior in strains of Claviceps has been also reported by Arcamone et al. (2) and by Taber and Vining (18) .
In terms of sucrose and citric acid utilization, each of the four strains is different. Strain 275 Fl consumes large amounts of sucrose and citric acid; strain V utilizes large quantities of sucrose but small amounts of citric acid; strain C uses large amounts of citric acid but small amounts of sucrose; and strain W utilizes only limited quantities of both substances.
Unlike the strain of C. purpurea producing clavines (16, 17) , our strains did not show evident competition between alkaloid production and lipid formation. We observed, on the contrary, that alkaloid synthesis occurs only in the strain able to store large amounts of lipids. With this strain, the two processes run together during E.. fermentation; together with alkaloids and lipids, sterols are accumulated as well. An unusually large lipid content in the mycelium of a strain of C. paspali, which produces lysergic acid derivatives, was reported by Arcamone et al. (2) .
It is known that significant consumption of the carbon source of the medium is favorable to accumulation of metabolic products other than cell material and CO2 (10) . In our case, the accumulation of lipids, sterols, and alkaloids is, however, conditioned not only by a high consumption of the carbon sources but also by the simultaneous high utilization of two different carbon sources: sucrose and citric acid.
The correlation among alkaloid, sterol, and lipid production allows us to think that the "prime precursors" (5) of the synthesis of lipids and sterols are equal or biogenetically close to those limiting the synthesis of alkaloids, as for instance acetyl coenzyme A and phosphoenolpyruvic acid (6) . It is thus supposed that the considerable and simultaneous utilization of sucrose and citric acid is favorable to the accumulation of these substances.
If we assume that the utilization of the sugars takes place chiefly through the glycolysis-Krebs cycle route (12) , the utilization of citric acid at the same time as that of sugar could determine a saturation of the enzymes of the Kreb's cycle, with the consequence that accumulations occur at the entry of the cycle itself (in particular, of acetyl-coenzyme A and phosphoenolpyruvic acid) if there is no adequate functioning of the control mechanisms.
Strain 275 Fl, which readily utilizes sucrose and citric acid, seems indeed to be lacking those control mechanisms related to the utilization of these two substances. In strain W, the regulating mechanisms could work normally, with the consequent utilization of an amount of sucrose and of citric acid proportional to that required for the growth of the microorganism. Accumulations of metabolic products are thus avoided. This strain can be considered as a "normal" form; its morphological characteristics (filamentous, regular and slightly fragmented mycelium) also strengthen this consideration. Strains V and C have characteristics intermediate between those of 275 Fl and W, and behave complementarily in utilization of sucrose and citric acid.
